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DIAGNOSING CYSTIC FIBROSIS AND OTHER GENET IC 
D^EASES^USING^LUORESCENCE 
RESONA NCE ENERGY TRANSFER (*pft^ 

Background of the Invention 
05 Cystic fibrosis (CF) is the aost coaaon genetic 

disorder affecting the white population. The 
clinical aanifeatatlons of the disease include 
chronic pulnonary disease, pancreatic enzyme 
insufficiency and elevated sweat electrolytes. 
10 Patients with CF usually succuab to the pulmonary 

disease by the second decade of life. Increasingly, 
patients are surviving into adult life, albeit with 
pulmonary and gastrointestinal problems. The 
prognosis of CF depends entirely on its severity, 
15 age at first diagnosis and effective aanageaent of 
aany coapl icat ions . 

Abnormally high electrical potential 
differences have been detected across the epithelial 
surfaces of CF exocrine tissues. The fundamental 
20 defect has been associated with decreased chloride 
ion conductance across the apical membrane of 
epithelial calls. Although progress has been made 
in the isolation of polypeptide components of an 
epithelial chloride channel that mediates 
25 conductance, the relationship of the channel to the 
clinical symptoms of CF has yet to be established. 
Despite extensive research efforts, the basic 
biochemical defect remains unknown. 

The incidence of CF in North American whites is 
30 approximately 1 in 25 p 000 births. This suggests a 
gene frequency of 1 in 50 and a carrier frequency of 
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*bout 1 In 25. The defective gtne vti linked to a 
DNA polymorphism in 1985, and localized to tha long 
arm of human chromosome 7 .' Subsequently , itgatnti 
of DNA cloiir to tha cystic fibroaia gene vara 
05 identified, and DNA polymorphiame vith particular 
allalaa frequently aaaociatad vith tha cystic 
fibrosis (i.e., linkage disequilibrium) vara 
reported. The cloning of the CF gene has bean 
reported, and a three-base ( three -nucleotide) 
10 deletion that removes phenylalanine 508 from tha 

1480 amino acid coding region vaa identified as the 
mutation that causae CF in the majority of cases. 

Historically, tha diagnosis of cystic fibrosis 
has been based on clinical findings and the 
15 biochemical abnormal! tiea in sweat. An increase In 
avaat electrolytes, accompanied by one or more major 
clinical features, vaa the basis for diagnosis. 
Prenatal diagnosis and carrier detection vere not 
possible. 

20 Summary of tha Invention 

The present Invention relates to a method of 
detecting in DNA obtained from an Individual an 
abnormality in DNA, such aa that aaaociatad vith CF. 
In particular. It ralatea to a method of detecting 

25 DNA obtained from an individual, a three -nucleo- 

tide or triplet delation from tha CF gene vhich has 
bean shovn to ba associated vith CF in approximately 
70% of all cases. The preaant invention further 
relates to probes (DNA or RNA) useful in tha method, 

30 and applicable to other genetic diseases in vhich a 
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delation, lmtrtion, modification or substitution of 
one or-son bun in the primary structure of the 
norial DKA occurs 

The method of detecting en abnormality in a 
cystic fibrosis gene which is associated with or 
causative of cystic fibrosis relies on fluorescence 
reeonance energy transfer (FRET) and can be carried 
out in DNA obtained (prenatally or poetnatally) from 
an individual suspected of having or likely to 
develop cystic fibrosis or in DNA obtained from an 
individual thought to be a carrier. 

In the method of the present invention, a pair 
of fluorophore-labeled oligonucleotide probes is 
combined with DNA obtained from an individual. The 
fluorescence energy transfer technique as related to 
homologous sequences was suggested by Heller and 
Morrison, in Rapid Detection and ldentl f icetlon of 
l5f±££i£H« Agents, Eds. Kingsbury, J.J. and S.~ 
Falkau (Academic. New York,) pp. 245-256, and shown 
to be applicable to localization of specific 
sequences of DNA or RNA by Cardullo et el. . Proc, 
Natl. Acad. Sci. USA 85:8790-8794 (1988). The 
probes are complementary to the region of normal DNA 
which corresponds to a region of DNA where an 
25 Abnormal nucleotide sequence exists in a gene 

associated with or causative of cystic fibrosis. 
Hybridization of both labeled oligonucleotide probes 
to DNA obtained from the individual occurs only to 
normal DNA and is detected by measuring fluorescence 
30 resonance energy transfer. 

In particular, the Invention relates to a 
method which makes use of a p.ir of fluorophore- 
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labeled oligonucleotide probes. One probe is 
coaprired of * nucleotide sequence complementer? to 
a region of DNA which is adjacent to an abnormal 
nucleotide sequence in a defective gene associated 
05 with or causative of cystic fibrosis. A second 

proba is labeled with a different fluorophore (i.e., 
from that present on the other probe) and is 
comprised of a nucleotide sequence complementary to 
the region of normal DNA corresponding to the region 
10 from which, in abnormal DNA, the three nucleotides 
are deleted and a region of DNA directly adjacent to 
the region, but in the opposite direction from that 
of the other probe. The fluorophores are covalently 
bound to the probes and are positioned on each probe 
15 such that when both probes are hybridized to an 
uninterrupted segment of normal DNA, the fluoro- 
phores will lie adjacent to one another. 

Both probes will hybridize to DNA from a normal 
individual and the energy of the fluorophore (donor) 
20 of one probe will transfer to the fluorophore 

(acceptor) of the second probe. When both probes 
are hybridized to an uninterrupted segment of normal 
DNA, there will be an area between the probes 
lacking hybridization of complementary nucleotides, 
25 which provides the apace for the fluorophores to lie 
adjacent to one anothar and transfer energy. This 
can be detected by fluorescence resonance energy 
transfer (FRET) by measuring the dacrease in 
fluoreacenca (quenching) of the donor fluorophore 
30 and the increaae in fluorescence of the acceptor 
fluorophore. If the energy transfer occurs, it is 
indicative of a normal gene or nucleotide aequence. 
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The probe which includes a nucleotide sequence 
complementary to the region of normal DKA that 
corresponds to the abnormal nucleotide sequence of a 
defective gene will not hybridize with DNA from an 
05 individual with cystic fibrosis. Consequently, 
there will be no energy transfer between 
fluorophores and no Increaae and decrease in 
fluoreacence of the fluorophores occurs. The 
absence of energy transfer is, thus, indicative of 
10 cystic fibrosis. Further, the confirmation of the 
presence of the CF gene can be carried out through 
the use of probes specific for the CF gene. 

The present invention offers several advantages 
over existing technologies. Current methods of 
15 detecting the absence or presence of abnormal 
nucleotide sequences related to cystic fibrosis 
usually involve the burdensome task of immobilizing, 
onto s solid support, the oligonucleotide probes 
used for capturing the nucleotide sequence of 
20 interest or sample nucleotide sequences to be 

tasted. This is needed beeauee current teatlng 
methods require the separation of hybridized 
nucleotide sequences from non-hybridized sequences. 
The present invention does not require these 
25 separation steps, and consequently, immobilization 
of probes or sample nucleotide sequences is 
unnecessary. In addition, the use of solid supports 
is usually accompanied by problems of nonspecific 
binding of detector oligonucleotide probes to the 
30 «olid support, resulting in insecurste 

determinations of hybridization between the 
nucleotide sequence of interest and detector probes. 
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Lastly, the prtftnt method does not require the use 
of radioactivity, and consequently, its troublesoae 
disposal. In summary, the present indention is an 
accurate and sensitive method of detecting abnormal 
05 nucleotide sequences in the cystic fibrosis genome, 
which is also convenient and safe. 

Brief Dticriptlon of the Drawings 

Figure 1 is a schematic representation of the 
hybridization of fluorophore - labeled nucleic acids 
10 complementary to distinct, but closely spaced, 
sequences of a longer unlabeled nucleic acid. 

Figure 2 is a schematic representation of one 
embodiment of the present invention. Illustrating 
the use of paired fluorophore -labeled probes 
15 complementary to normal DNA wherein 1) the 

hybridization of both fluorophore- labeled probes 
vith normal DNA and the resulting fluorescence 
energy transfer; and 2) the lack of hybridization 
vith CF DNA of the fluorophore - labeled probe 
20 containing the nucleotide sequence complementary to 
the region of normal DNA corresponding to the 
trinucleotide deletion and adjacent 5' nucleotides 
of cystic fibrosis DNA and the lack of fluorescence 
energy transfer. 
25 Figure 3 is a schematic representation of one 

embodiment of the present invention, illustrating 
the use of paired fluorophore -labeled probes 
complementary to CF DNA and shoving 1) the 
hybridization of both fluorophore- labeled probes 
3Q vith CF DNA and the resulting fluorescence energy 
transfer; and 2) the lack of hybridization vith 
normal DNA of the 
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fluorophore-labeled probe containing the nucleotide 
sequence complementary to the region of CF DNA 
corresponding to the trinucleotide deletion and 
edjecent 5' nucleotides of cystic fibrosis DNA end 
the leek of fluorescence energy transfer. 

Figure A la a grephic representation of the 
■odulation of fluorescence intensity upon B-aer 
hybridization at fixed numbers of donor aolecules 
end increasing concentration of tbe coapleaentary 
10 oligonucleotides. 

Figure 5 is a graphic representation of the 
transfer efficiency of fluorescein and rhodaalne 
attached to the 5* ends of coapleaentary 
oligonucleotidee of various lengthe. 

Figure 6 is a graphic repreaentation of changee 
In fluorescence intensity of donor and 
acceptor-linked 8-aers as a function of teaperature. 
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Detailed De scription of the Invention 

The present invention is a aethod of detecting, 
in DNA or KNA obtained froa an individual, a 
defective gene(s) associated with or causative of 
cystic fibrosis. The aethod is useful in diagnosing 
cystic fibrosis in an individual and in deteralnlng 
25 whether an individual is a carrier of the defective 
gene(s). The aethod utilis.ee a pair of fluorophore- 
labeled oligonucleotide probes coapleaentary to the 
region of noraal DNA which corresponds to the region 
of DNA froa which, in DNA associated with or causa- 
30 of cystic fibrosis, three nucleotides are 

deleted (i.e., the region in which an abnoraal 
nucleotide aequenee occurs). The present aethod 
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relies on means of do taction of fluorescence reso- 
nance anergy transfer as an indicator of the pre- 
sence or absence of abnormal bHA. 

Hybridisation of tvo separate segments of DNA 
05 (i.e., oligonucleotide probes) to adjacent regiona 
of a third coapleaentary single strand may be 
detected by non-radiative fluorescence resonance 
energy transfer, provided that two fluorophores vith 
overlapping excitation and emission spectra are 
10 attached to the hybridizing segments of DNA and, 

once they are hybridised, the distance between the 
two fluorophores they bear is appropriate for FRET 
to occur. For example, the 3' end of one oligo- 
nucleotide can have a fluorescein covalently 
15 attached, and tha 5' end of the other oligonucleo- 
tide can have a rhodamine covalently attached. This 
can be carried out, or example, a described in 
Agravel. S. f at ml. , Nucleic Acids Res. . 14 : 
6227-6245 (1986); Tat Lett. , 31:1543-1546 (1990); 
20 Hucleic Adds Res. . 18:5419-5423 (1990) and Emson, 
F.C., et al. # Methods in Ensymology . 168 : 753-761 
(1988). The teachings of both of these references 
are incorporated herein by reference. The excita- 
tion and amission apectra for the fluorophores used 
25 for labeling tha tvo probes must overlap. Vith tha 
tvo fluorophorea mentioned above, the excitation 
wavelength for fluoreecein (472 na) will excite an 
•«i««ion wavelength of the rhodamine at 577 nm. An 
important consideration in selecting or designing 
30 probes or oligonucleotide eequences is the distance 
which will aeparate them once each hybridises to tha 
region of the longer DNA sequence to which it is 
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complementary. In general, the closer the two 
fluorophorei ere to one another, the greater will be 
the energy transfer. Maximal' separation is approxi- 
mately 50-75 angstroms. Thus, a distance repre- 
05 eented by 4-6 bp for two segments of DNA hybridizing 
to a third complementary uninterrupted segment would 
represent an acceptable proximity of the fluorescein 
and rhodamine fluorophores. The acceptable basepair 
distances between other pairs of fluorophores can be 
10 determined experimentally by one skilled in the art. 

One embodiment of the present invention relates 
to the detection of the segment of DNA from a cystic 
fibrosis gene in which the genetic deletion ( -TTT- ) 
occurs on chromosome 7. The detection of this 
15 deletion can be carried out as follows: Two probes 
are used: one probe (a first probe) which is 
approximately 20 oligonuclotides in length, which is 
complementary to the cystic fibrosis gene and 5' to 
the deletion, and labeled with fluorescein (e.g., by 
20 attaching fluorescein by a linker to the 5 # end of 
the oligonucleotide DNA sequence) and another probe 
(a second probe) which is a hexamer complementary to 
the nucleotide sequence of the -TTT- deletion and 
the adjacent three nucleotides in the 3' direction 
25 and is labeled with rhodamine attached to ita 3» 
end. 

Exon 10 of chromosome seven, ae deecribed by 
Reardon, J.E.. et ml. f ( Science . 245:1066-1073 
(1989)) is Isolated from a normal genome and from a 
30 cystic fibrosis genome. Using conditions detailed 

in Cardullo. R.A., Proc. Natl. Acad. Scl.. USA . 85: 
8790- 8794 (1988). the components to be hybridised 
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*rt combined: 1) Exon 10, 2) a 20-nsr coapltntntary 
to ths " GCC - AC C - ATT - AG A - GAA • AAT - AT portion of thi 
gene and bttring t 3'-terainal fluorescein aoleeule, 
and 3) a htzaitr coapleaentary to TTT-GGT and 
05 bearing a 5'-terainal rhodaaine aoleeule. There 
will ba two foru of Exon 10: one froa a nornl 
genoae and a toeond froa a cystic fibrosis genoae. 
The reagents or cospononta art coabinsd at a Caspar - 
aturs appropriata for hybridization of oligonueleo- 
10 tides of ths langth uaad to occur (e.g., 20*C) . At 
this ttiparaturt, during tht hybridization reaction, 
the fluoratctin is axcitad using a lassr baas of 
approximately 472 na. With ths 20-aer hybridized to 
tha spscific saquanca of ths gsnoas , ths fluoraacain 
15 and rhodaaine will ba in close anough proxialty to 
psrait tha fluoraacancs anargy transfar. Thus, a 
rhodaaine aaisslon around 577 na will occur in ths 
noraal ganoas sagasnt. 

As illustrated in Figurs 2, tha rhodaaine -AACCA 
20 hexaaer will ba hybrldizad to tha -TTTCCT- sagaent 
of ths noraal gsnoas. This results in energy 
transfer froa fluoraacain to rhodaaine and 
fluorescence ealssion froa rhodaaine. In the case 
in which DVA being analyzed is altsrad (i.e., in 
25 this case, contains Che trinucleotide deletion), as 
also illustrated in Figure 2, there Is no -TTT- 
trlnuclsotide, due to the genetic deletion. 
Hybridization of the rhodaaine -labeled hexaaar 
(rhodaaine -AAA -CCA -5 * ) with the aegaant of tha 
30 cystic fibrosis genoae aissing the -TTT- cannot 
occur. At the hybridization teaperature chosen 
(e.g., 20*C), the three aenbers of ths probs 
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coaploaentary to chroaotoul DNA will not hybridize 
effectively with a coaploaentary triaer. 

Therefore, Exon 10 froa a norail gone will give 
* rhodaaine fluorescence energy transfer , while Exon 
05 10 froa a «yseie fibroaia gane with a -TTT- delation 
will foil to give the rhodaaine fluoreaeence when 
subjected to the nucleic acid hybridization proce- 
dure deaeribed above. 

Aa illustrated in Figure 3. detection of the 
10 cyatic fibroaia defect is aceoapliahed by eaploying 
the labeled probe 5'-ACCGAT, coapletely hybridizable 
to the aequance 5'-ATCGCT of the cyatic fibroaia 
ganoae. In the case of the noraal genoae . however, 
the ATCCCT encounters a alsaateh and doaa not 
15 hybridize at 20«C. The FRET energy is, therefore, 
not transferred froa fluorescein to rhodaaine and 
the rhodaaine eaiasion spectrua is not activated. 
The probea aay be longer than a hexanucleotide . 

The detection of any known defect in a nucleo- 
20 tide aaquanea of a gene(s) relating to cystic 

fibrosis can be achieved using a pair of two oligo- 
nucleotide probaa: 1) a firat probe eoapleaentary 
to an area of DBA adjacant to the known defect In 
the nucleotide aaquenee of a gene(s); and 2) a 
25 second probe eoapleaentary to: a) a region of noraal 
DNA eorraaponding to the region in which the known 
defect in the nucleotide sequence of thaaa ganea 
occura, and b) a region adjacent, in the oppoaita 
direction of the firat probe, to the defect-con- 
30 taining region. Each probe ia labeled with a 

fluorophore and the fluorophores on the two probaa 
are different froa one another. The fluorophorea 
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cin be Attached to the 3 r or 5 ' tnd of either probe; 
hovtvtr, the tttaebient of the fluorophores iuit be 
■etched In such positions that when hybridization 
occurs between the two probes end en uninterrupted 
05 segment of OKA, the two fluorophores of the probes 
ere edjecent to one enother. Vhen both probes ere 
hybridised to en uninterrupted segment of aortal 0NA 
frosi e sample, there will be en eree between the tvo 
probes which leeks hybrldi2etion of complementary 
10 nucleotides. In this erea v the fluorophores of the 
. tvo probes lie adjacent to one another. The 
distance between the two fluorophoree must be 
sufficiently close to ellow the efficient trensfer 
of energy between the tvo fluorophoree but not so 
15 close as to cause stsric hinderence between the tvo 
probes upon hybridization. The excitation end 
emission spectra of the different fluorophores must 
overlap to achieve energy transfer. One fluorophore 
ects es an energy donor end the other ecte es en 
20 energy acceptor. Vhen in proximity to one another, 
vhich occurs vlth hybridization of both probes, the 
fluorescence of the energy donor deereeses as the 
fluoreecence of the energy ecceptor lncreeses. 
Examples of such fluorophores are fluorescein and 
25 rhodaaine. 

Probes useful In the preeent method can be made 
using genetic engineering techniques or cm be 
synthesized chemically, such as by the phosphorami- 
dite method using a commereiel DHA synthesizer and 
30 0-eyenocthyl phosphoremidite . 

Preparation of f luorescently labeled oligonu- 
cleotide probes can be achieved by derivetization of 



SUBSTITUTE SHEET 



WO 92/14845 PCI7US92/01591 



-13- 



th* deslrtd end to be labeled and subsequent attach- 
aent of. the fluorophore. Briefly, for 5» fluoro- 
phore labeled oligonucleotide' probes , an aainohexyl 
linker can be introduced onto the 5' and of the 
05 oligonucleotide by the use of an extra cycle of 
phosphoraaidite synthesis (9- f luorenyl) aethooxy- 
carboaylaalnohexyl l-eyanoethyl MM-dllsopropylaalno 
phosphite in the coupling reaction as described by 
Agrsval, S. et al. . supra, and Eason, B.C. et al. , 
10 suprs. After renoval of protective groups with 

concentrsted aaaonla solution, the aalnohexyl linked 
oligonucleotide can be purified by reverse- phase 
high pressurs liquid ehroastogrsphy (HPLC) . 

Ths 3' snd dsrivatizatlon of oligonucleotides 
15 with sn aaino group can be based on established 
eheaistry for 3» and labeling of RHA, such as thst 
dsscrlbed in Zaaecnlk. P.S. et al. . Proc. of the 
Hstl. Acsd. Sclancas PSA 46:811-822 (I960); Booker, 
T.R. et al., Nucleic Acids Res - - 5:363-384 (1978), 
20 ths teachings of vhlch are hereby incorporated by 
reference. To adapt this eheaistry for labeling 
DMA, synthesis of the desired oligonucleotide 
sequence can be carried out on 5 • -dlaethoxytrityl- 
-3* (2')-scetylrlbonucleoside2' (3')- linked to 
25 long-chain alkylaaino controlled-pore glass support 
(20aM/ga). After the ayntheels. protecting groups 
can ba reaoved in concentrated aaaonla. Crude 
oligonucleotides can then be oxidised with pyridate, 
reacted with 1,6-dlaainohexane, and reduced by 
30 sodiua eysnoborohydrlde as dsscrlbed In Agraval. S. 
et al. and Booker, T.R. et al. The aaino- oligonu- 
cleotides can be purified by reverse phase HPLC 
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bte«us« they are retarded to a significantly grt«ttr 
extent than undirlvttind oligonucleotides . 

Atttchitnt of fluorescein, using fluorescein 
iiothlocytnttt, or tetramethyl rhodnint. using 
05 tetramethyl rhodamine isothiocyanate , to the 

derivatized oligonucleotides and fubitqutnc purifi- 
cation can bo carried out secording to the proet- 
dures described in Agraval, S. et si. snd Emson, 
F.C. st al., suprs. 
10 Tho present Mthod can include tho following 

stops: 1) obtaining from an individual a ssmple to 
ba analyzad; 2) troating tho sample to randar 
nucloic acids prasont available for hybridization 
with complementary nucleotide sequences; 3) com- 
15 bining the treated sample and a pair of appropriate 
f luorophore-labeled oligonucleotide probes, under 
conditions appropriate for hybridization of comple- 
mentary sequences to occur; and 4) determining 
whether fluorescence resonance energy transfer 
20 occurs. A lack of energy transfer is Indicative of 
cystic fibrosis. 

The present method can be used on DNA from a 
variety of tissues. For example, a sample can be 
obtained prenatally by amniocentesis or postnatally 
25 by surgleal biopsy. Once obtained, the sample is 
treated In such a manner that the nucleic acids 
present In the sample are available for hybridize- 
tion with complementary nucleic acid sequences, 
which are the selected oligonucleotide probes 
30 described above. For example, a sample can be 

treated with an agent which disrupts the cellular 
and molecular structures of the tissue. Cells can 
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bs disrupted using chaotropic agtnts vhich disrupt 
the molecular itructurt o£ the tiatut. That is, the 
agent dtmturti the itcondtry, tertiary and/or 
quarternary structures . of biopolymers , including 
05 prottim, nucleic acids, polysaccharides vhich arc 
generally found in biological specimens. Examples 
of chso tropic agones include chaotropic salts (e.g., 
guanldlnlun thlocyanate) B hydrolytic enzymes (e.g., 
protossos) and compounds that disrupt hydrophobic 
10 interactions (e.g. sodium dodscylsulf ata , phenols, 
diaethylformaaide. dimcthylsulf oxide , tetramethyl- 
urea or guanldlnlun hydrochloride. Physical or 
mechanical means of disrupting molecular structures 
(e.g., bead beading and sonlcatlon) can be used to 
15 release nucleic acids. If necessary, nucleic acids 
present in the tissue sample and released from it 
can be treated further to ensure that they are 
available for hybridisation with complementary 
nucleic acid aequences (e.g., by heating to render 
20 double stranded aequences single stranded). Agents 
and techniques that disrupt molecular atructurea can 
be used singly or in various comblnationa for this 
purpose. 

A**«r the nucleic acids are rendered available 
25 for hybridisation, the sample is combined with a 
pair of oligonucleotide probes as described above, 
vhich hybridise selectively to the region of normal 
DMA vhich correaponds to the region of DMA vhere a 
knovn defect exists in the nucleotide aequence(a) of 
30 « gene(s) associated vith or causative of cystic 
fibrosis. 
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The optiaua tsaperature for hybridization of 
both oligonucleotide probes to staple nucleic Acids 
vill depend on the nucleotide length of both probes 
and can be determined experimentally by someone 
05 skilled in the art. Figure 6 illustrates the 
melting temperature (T a ) for hybridization of 
unmodified oligonucleotides, and of oligonucleotides 
with modifications at the internucleoslde phos- 
phates. A 20-str unaodified deoxyoligonucleotide 
10 has a T m of S€ m C; while a trimer unmodified deoxy- 
oligonucleotide has a of approximately 5'C. 

The atthod of the present invention can be 
carried out in such a Banner that hybridization 
occurs in an aqueous anvtronment without the need 
15 for a solid support. The treated sample Is prasent 
in a liquid preparation, such as a phyiological salt 
solution. Tha oligonucleotide probes are also 
present in a liquid preparation. The two prepara- 
tions are combined, to produce a sampla-probe 
20 combination. This results in eontact between 

nucleic acid sequences present in tha sample , and 
the oligonucleotide probes. If nuclaotide sequences 
which are complementary to the selected set of 
nucleic acid probes are present, hybridization will 
25 occur. 

Detection of hybridization is carried out by 
exposing the sample to a wavelength appropriate for 
excitation of the donor fluorophore. For example, 
if the donor fluorophore is fluorescein, a 
30 wavelength of 472 nm is used. The energy from the 
excited fluorescein is transferred to the acceptor 
fluorophore. such as rhodaaine. The fluorescence 
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emission wavelength of eha acceptor fluorophore la 
then miurid. Typically, eha background fluores- 
canca Intensity of phosphate -buf fared saline solu- 
tion is determined. To this solution, quantities of 
05 donor labeled or unlabeled oligonucleotides in 

phosphate-buffered saline are added in seeps and the 
fluorescence ineensiey is date rained. Oligonucleo- 
tides containing acceptor fluorophores are then 
added in volume seeps. Energy transfer is observed 
10 by both quenching and acceptor enhancement. Trans- 
fer efficiencies are deceralned froa the quenching 
data. This involves correcting ehe data for dilu- 
eion and for quenching by unlabeled coapleaent. 
Thus, if Q d u and Q d ^ are ehe quenching observed 
15 for unlabeled and labeled eoapleaenes. ehe eransfer 
efficiency is givan by * t ~<Q d ^<i d u >/(l-Q diU > . 
Acceptor labeled oligonucleotides are added'until E 
is constant. The degree of quenching of the donor 
fluorophore and excitation aaission of eha acceptor 
fluorophore are deceralned for each saapla and 
coaparad. Lack of hybridization between 
oligonucleotide probes and saapla nucleic acids is 
detected by ehe absence of quenching of eha donor 
fluorophore and absence of an enhanced aaission 
specera of ehe acceptor fluorophore. Horaal aaaples 
and aaaples obtained froa Individuals suspected of 
having cystic fibrosis or being a carrier of a 
cystic fibrosis gone are coaparad. 

The FRET technique can be uaed for ehe 
diagnosis of other cellular diseases involving DMA 
or RNA. in which nucleotide deleeiona. changaa or 
addieions occur. For exaaple. Familial Hy pertrophic 
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Cirdloayoptthy In the fi cardiac MHC gene, txon 27 
ha* a rtplictunt of in alanine by a sarine residue 
at one position. T in a eodon takes the place of an 
A, thus, converting the coding sequence froa 
05 GCC(ala) to TCC(aar) (Tanigawa, G . et al. . Cell . 
62:991-998 (1990)). 

In Myoclonic Epilepsy and Ragged-Red Fiber 
Disease (MERRF) a mutation occurs at nucleotide pair 
8344 In the Mitochondrial DNA In the tRNA lys T»C 
10 loop, with an A-to-G transition Mutation (Shoffner, 
J.M. et al.. Cell . 61:931-937 (1990)). 

In Albright's Hereditary Osteodystrophy, the 
G s * gene, contains In axon 1 an A-to-G transition at 
position +1 in the B^cr allele. This Mutation 
IS converts the Initiator ATG (methionine) codon to GTG 
(valine), thus, blocking initiation of translation 
at the norMal site (Patten, J.L. et al. , N^E.J. Med . 
322:1412-1419 (1990)). 

In the disease characterized by a deficiency of 
20 lipoprotein lipase (LFL) activity , known aa 

LPL g«thesda' thara is a single baaa substitution. G 
- A, at position 781 in the fifth axon, which 
results in an Ala Thr aubstitution at rasldue 176 
of LPL (GCA becomes ACA) (Bag f O.U. at al. Proc. 
25 Natl. Acad. Scl. USA . 87:3474-3478 (1990)). 

In the dlsaaaa known as Achondrogenesis, there 
is a heterozygous single exon deletion in the type 
II procollagen gene (C0L2A1). A single baaa change , 
G -» A occurs in axon 51 of the RFLP (+) allele and 
30 results In a glycine to serine substitution at amino 
acid position 191 in the C-propeptide of type II 
procollagen. A second substitution occurs at the 
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100 th nucltotldt of non 46, and convirti the norotl 
glycine codon at position 943 . (GGC) to serine (AGC) 
(Viasing. H . et al. f J . Biol. Chan. . 364 ; 18265 - 182 6 7 
(1989)). 

05 In Tay- Sachs Dieease (C M2 ganglioaidoaia , type 

1) three point autttioni have been identified (for a 
review, eee Triggs-Raine , B . L. et al. , H.E.J. Me d. . 
323:6-12 (1990). In one of these a four baae pair 
insertion occurs in exon 11, accounting for 
approximately 70 percent of the casee of infantile 
Tay. Sachs disease in Ashkenazi Java (Myerowitz, R. 
and F.C. Coatigan, J . Biol. Chaa. , 263:18567-18569 
(1988)). 

In hemophilia A t the codon for arglnine (CGA) 
at aaino acid 2135 is Mutated to the stop codon TGA 
(Youssoufian, H . et al. , Nature . 324:380-382 
(1986)) . 

In sickle call aneala in the B S -globin chain, 
there is a substitution of A for T at codon 6. This 
■utation changes the codon GAG (Glu) to GTG (Val) 
(Antonarakis. S.E. at al. , Hun, Genet. , 69:1-14 
(1985)). 

A liat of 16 diaeasea in which point autations 
have bean identified is given in a review of genetic 
25 disorders at the DNA level by S.E. Antonarakis 
(Antonarakia, S.E., W.E.J. Med. , 320 :153-163 
(1989)). In addition to thoae aantioned 
specifically above are Gaucher* a diaaaae 
hypobetalipoproteineaia, Osteogeneais iaparfecta 
30 aasoclated with a fraaeshift autation. Gyrate 

atrophy. Diabetes aellitus due to abnoraal insulins, 
Hereditary persistence of fetal heaoglobin. 
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Phenylketonuria F -Antitrypsin deficiency, 
a-Th*lnieaii, Faallial bypercholes tero leaia , 

Ornithine transcarbanylase deficiency. Heaophilia B i 
and Heaophilie A. j 
05 In principle, wherever a point autation he» ! 

been Identified in a genoae , it presents en ' i 

opportunity to coapere the hybridization Tas of ! 
•■all itfitntf of a noraal genoae and of a disease 
altered genoae by aeans of the FRET technique, and 
10 to diagnose the point autatlon by an alteration In 
Che Ta of the affected as coapared with the noraal 
genoae segaent. 

Vhen a single base deletion, alteration or 
insertion occurs in the diseased state, the 
15 hybridization association difference between the 
perfectly aatched hybrids and those vith 
aisaatch(es) can be aagnified by lowering the 
hybridization teaperature. Thus, for exaaple , in 
the early ezperlaants defining the particular 
20 trinucleotides coding for Individual aaino acids, a 
hybridization teaperature around 4°C was used, in 
order to Induce affective hybridization with 
trinucleotides. At 37*C a trinucleotide will not 
hybridize affectively with its perfectly aatched 
25 base coapleaent. 

The Invention is further illustrated by the 
following apecific exaaples, which are not Intended 
to be Halting In any way. 
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EjCAMPLE 1 Effect of Aeontor Concentrat ion 
Tranafer Efficiency 
The teaching, of all eeientific publicatione 
citad in all exaaplea harain ara haraby Incorporated 
05 by reference . 

Fluoreaeance aeaaurenenta vare aid* In a 
Perkin-Elaer ipietrof luorlaeter equipped with a 
taaperature eontrollad ehaabar and Glan-Thoapaon 
polarizer. The excitation vavelengtha uaad for 
10 fluoraacein and acridina orange vera 472 na and 503 
na. reapectivaly. The aaiaaion vavelengtha uaad for 
fluoraacein, acridina orange and rhodaaina vare 517 
na, 522 na and 577 na, raapectlvely. 

The background fluoraacanca intanaity of 85 pi 
of phoaphata-bufferad ealine (PBS: 0.138 a 
HaCl/0.01 a phoaphata. pH 7.2) in a 200 M l quartz 
cuvette (optical aolution path length - 0.3 ca) vaa 
deterained. To thia cuvatta, 13 pi of approxiaataly 
5 aM donor-labelad or unlabeled oligonucleotide, in 
PBS vaa added in 5 aicrolitar atepa and the 
intenaity vaa deterained. Oligonucleotide* 
containing acceptor fluorophora vaa then added in 5 
Ml -tap.. Energy transfer vaa obaarved by donor 
quenching and aeeeptor enhancenent. Transfer 
efflelenciea vera deterained free the quenching 
data. Thia involved correcting the data for 
dilution and for quenching by unlabeled coapl.aent. 
Inner filter effect, vera negligible. Thua , if Q 
and Q d a are the quenching obaerved for the d ' U 
nonlabaled and labeled eoapleaenta, the transfer 
efficiency la given by the folloving equation: 

E t " <Q d..-Q d .u>/^- < 3 d ,u> 
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Accepcor- labeled oligonucltptidti vera added until 
£ £ vis comttnt. Experiment* were perforaed At 5*C. 

To determine the maximun efficiency of transfer 
between donor and acceptor fluorophores attached to 
05 oligonucleotides f the eaission spectrua of acceptor 
was followed as a function of increasing acceptor 
concentration at a fixed number of donor molecules. 
The first experiments ware performed using two 
complementary oligonucleotides with donor and 
10 acceptor fluorophores attached at either end of the 
hybridized complex. Attachment of fluorescein, 
using fluorescein iso thiocyanate , or 
tetramethylrhodaaine using tetrame thylrhodamlne 
iso thiocyanate f to the derlvatized oligonucleotides 
15 and subsequent purification were carried out 

according to the methods of Agrawal, S. et al . . 
supra, and Eason, P.C. t supra. One oligonucleotide 
had fluorescein attached to Its 5' end (donor) 
whereas the other complementary nucleotide had 
20 rhodaaine attached to Its 5* end (acceptor). 

Quenching and transfer efficiency were determined 
for oligonucleotides containing 8 nucleotides, 12 
nucleotides and 16 nucleotides. 

As shown in Figure 4, emission spectra are 
25 presented as a function of increasing 

rhodamine-linked 8 •mar concentration to a fixed 
number of fluorescein- linked 8-aer molecules. As 
the amount of rhodamine-linked 8-mer was increased, 
there was a decrease in fluorescein amission 
30 intensity (517 nm) and an increase in rhodamlne 

emission intensity (577 nn) . Saturation of both the 
fluorescein quenching and the rhodaaine enhancement 
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oceurred when the ratio of acceptor to donor 
exceeded 2:1. The aaxiaum quenching of fluorescein 
upon saturation ves 0.63 In the presence of donor 
and acceptor. When the experiment was repeated with 
05 fluoreacein-linked oligonucleotides and its 

unlabeled complement, fluoreecein eaission intensity 
was quenched 0.26 fro. its aaxlaua value with no 
detectable increase in intensity at 577 nm. as shown 
in Figure 4. Thus, fluorescence was modulated in 
10 three ways upon hybridisation: a decrease in 

fluorescein emission upon binding to an unlabeled 
coaplenentary oligonucleotide, « larger decrease in 
fluorescein eaisaion intensity upon binding to a 
rhodaaine -linked coaplenentery oligonucleotide, and 
the detection of rhodaaine eaission intensity upon 
binding to a rhodaaine-linked eoapleaentary 
oligonucleotide. The first phenoaenon represents a 
quenching of the fluorophore upon binding to its 
unlabeled eoapleaent, while the latter two phenoaena 
represent aodulation of fluorescence intensity due 
to energy transfer. The degree of fluorescein 
quenching due to energy transfer alone was 
calculated from the above equation. In the case of 
the 8-aer, the transfer efficiency between 
fluorescein and rhodaaine was, therefore, about 0.5. 

Coaparabla experiment* using 12-aers and 
16-mers were also performed, the reeults of which 
are shown in Table I. in general, the aaount of 
quenching in the absence of acceptor vaa independent 
of chain length and had a value of 0.26 ± 0.02 for 
all oligonucleotides (nean ± -SO for 4 deteraina- 
tions of each n-aer, where n - 8, 12, or 16 
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nucleotides). In the presence of rhodaaine - linked 
coapleaentiry oligonucleotides, the degree of 
fluorescein quenching due to energy transfer elone 
decreased with increasing chain length. As shown in 
05 Figure 3 t hybridization was complete for all three 
chain lengths at an acceptor/donor ratios, no 
■odulition in the corrected fluorescein or rhodaaine 
signal was observed. Subsequent experiments using 
these oligonucleotides were done at an 
10 aeceptor/donor ratio of 4:1 to ensure that 
hybridization was complete. 



Tabic 1. Modafeljoo of floomeca ioufisny at mount** Imh of ODNT wfefc aad wicfaoot 
rhnrfimini sBacfcaj for OPMji of chain kagth n 
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0.632 2 0.046 


0.265 ± 0.021 


0 J01 a 0.035 


0.99 * 0.02 


22 


0.423 a: 6.030 


0.265 2 0.013 


0 715 * 0.052 


1.24 £645 


16 


0.295*0.017 


0-262 ± 0.013 


0.045 * 0.011 


1.66 s 0.10 



^Ctofgn^t bob ± ro^feor^enag t^m^,^Equ 1 sad 2. Sctetpu Cr.eado 

EXAMPLE 2 Effect of Tenparature on Transfer 
20 Efficiency 

The effect of teaperature on hybridization was 
also followed for different chain lengths (8, 12 and 
16-aers) at saturating concentrations of 
acceptor- linked oligonucleotide. The resulting 
25 «elting temperatures (T^) , defined aa the aldpoint 
values of fluorescein quenching or rhodaaine 
enhaneeaent over a teaperature range of 0-60*C, were 
compared with abaorbence values that are at 260 na. 
Above 50 # C t there was no fluorescein quenching nor 
30 detectable rhodaaine signal. As the teaperature was 
lowered, the fluorescein intensity decreased and the 
rhodaaine intensity increased in a sigaoldal aanner 
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es shown by (o) in Figure 6 , indicating an Increase 
in transfer efficiency with the rhodtaine acceptor 
ettachsd to the coapleaentary 8-aer. This agreed 
veil with the absorbence data, vhich shoved a 
05 characteristic sigaoidal decrease in A 26Q with 

decreasing temperature. Indicating hybridization of 
complementary nucleotides. In addition, there v«i a 
concurrent increase in rhodasiine eaission intensity 
(o). 

10 In general, thare vas no significant difference 

between T a values obtained by fluorescein quenching 
and by decreased * 2 6Q Ei « n * 1 ***** decreasing 
teaperature. The T^ values obtained by fluorescein 
quenching were 23.8 ± 4.2*C. 38.3 ± 4.5 # C, and 47.2 

15 ± 5.2 # C for the 8-aer, 12-aer and 16-aer, respec- 
tively (aean ± SD for 4 determinations). By 
coaparison, the T^ values obtained by a decrease in 
A 260 v#r# 24 - 5#c . 37.3*C. and 46.0*C (for the 8-aer, 
12-aer and 16-aer, respectively). Hence, in all 

20 cases, the T^ deterained by fluorescence was within 
3% of the T B deterained by A 26Q . 

EXAMPLE 3 Hybridization of Tw o Labeled 

Ollaonucleotldes to s Complementary 
Strand 

25 Experiaenta vera also perforaed with two 

f luorescently labeled oligonucleotides hybridized to 
a longer coapleaentary strand aa scheaattcally 
illustrated in Figure 1. When these three atrands 
hybridized, only 4 baees asperated the fluorescein 

30 donor froa the rhodaalne acceptor. As in Exaaple 1, 
quenching of donor fluorescence by energy transfer 
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increased to saturation vith acceptor concentration. 
Table 2-, line a, shovs the results of these 
experiments. In the presence of fluorescein- labeled 
oligonucleotides and unlabeled oligonucleotides 

05 hybridized to the 29-mer, the quenching of 
fluorescein emission vti about 0.27. In the 
presence of rhodamine acceptor, the quenching vas 
enhanced to 0.71 and there vas a large fluorescence 
signal at the rhodamine peak (577 na). Hence , the 

10 transfer efficiency, given by the above equation in 
Example 1, was about 0.6. 





Table 2. 
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EQUIVALENTS 

20 Those skilled in the art will recognize, or be 

able to ascertain using no more than routine 
experimentation, many equivalents to the specific 
eabodisient of the invention described specifically 
herein. Such equivalents are intended to be 

25 encompassed in the scope of the following claims, 
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CLAIMS 

L. A pair of oligonucleotide probes , wherein: 

• ) * first oligonucleotide probe Is eoaprlsed 
of a nucleotide sequence which hybridizes 
to a region of huitn ehroaoioatl DNA 
adjacent to a region In which an 
alteration associated with cystic fibrosis 
occurs and Is labeled with a fluorophore 
*t the end which, upon hybridization to 
the region of human chroaosoaal DNA t is 
closer to the region in which the 
alteration occurs; and 
b) a second oligonucleotide probe is 

eoaprlsed of a nucleotide sequence which 
hybridizes to the region of noritl huaan 
chroaosoaal DNA which corresponds to the 
region in which the alteration associated 
with cystic fibrosis occurs and is labeled 
with a fluorophore at tha end which, upon 
hybridization to the region of huaan 
chroaosoaal DNA f is closer to the first 
probe . 

2. A pair of oligonucleotide probes, wherein: 

s) a first oligonucleotide probe Is eoaprlsed 
of a nucleotide sequence which hybridizes 
to a region of huaan chroaosoaal DNA 
adjacent to the 5' end of the region where 
the trinucleotide deletion of chroaosoae 
seven associated with cystic fibrosis 



SUBSTITUTE SHEET 



WO 92/14845 



PCT/US92/0159I 



-28- 

occur* *nd is labeled with a fluorophore 
at eh* 5' and; and 
b) a itcond oligonucleotide probe coapriitd 
of a nucltotidt ftqutnca which hybridists 
05 to region of normal human chroaoioatl 

DNA which corresponds to the region where 
Che trinucleotide halation of chromosome 
seven associated with cystic fibrosis 
occurs and is labalad with a fluorophora 
1° at the 3* and. 

3. A pair of oligonuclaotida probe* # aach 

comprised of a nuclaotida saquance and a 
covalantly bound fluorophora : 
a) 3'-CCG TCC TAA TCT CTT TTA TA FL-5' 
15 *> 3'-FL AAA CAA-5', wherein tha fluorophora 

(FL) covalantly bound to ona proba is a 
donor fluorophora and tha fluorophora 
covalantly bound to tha othar proba is an 
accaptor fluorophora. 

20 4. A pair of oligonuclaotida probas of Claim 3, 
wharain tha donor fluorophora is fluorssealn 
and tha accaptor fluorophora is rhodamine. 

5. A method of detecting in a sample a defective 
25 gene associated with or causative of a disease, 

comprising combining the sample, treated ao as 
to render nucleic acids present in the sample 
available for hybridisation with complementary 
oligonucleotide probes, under appropriate 
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condition*, with * pair of f luorophore - labeled 
oligonucleotide probes, wherein: 

a) a first oligonucleotide probe is comprised 
of * nucleotide sequence which hybridizes 
05 to * region of human chromosome! DMA 

adjacent to a region in which an 
alteration associated with eald dlseese 
occurs and is labeled with a first 
fluorophors at the end which, upon 
hybridization to the region of human 
chromosomal DMA, is closer to the region 
in which the alteration occurs; and 
b) s second oligonucleotide probe is 

comprised of a nucleotide sequence which 
hybridizes to the region of normal human 
chromosomal DMA which corresponds to the 
region in which the alteration associated 
with said disease occurs and Is labeled 
with a second fluorophore at the end 
which, upon hybridization to the region of 
human chromosomal DMA, is closer to the 
first probe; and separated by a distance 
which allows the efficient transfer of 
anergy between the first and second 
25 fluorophore . 
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A method of Claim 5, wherein hybridization of 
complementary nucleotide aequences is detected 
by determining fluorescence resonance energy 
transfer. 
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7. A itthod of CUia 5 wherein, upon 

hybridization, the two oligonucleotide probes 
are separated optimally by a distance of two to 
four nucleotide bases, with longer and shorter 
05 distances being acceptable as long as energy 

transfer occurs. 

8. A method of detecting in a sample a gene 
associated with or causative of cystle 
fibrosis, comprising combining the sample, 
10 treated so as to render nucleic acids present 

in the sample available for hybridization with 
complementary oligonucleotide probes, under 
appropriate conditions, with a pair of 
fluorophore- labeled oligonucleotide probes, 
15 wherein: 

a) a first oligonucleotide probe is comprised 
of e nucleotide sequence which hybridizes 
to a region of human chromosomal DNA 
adjacent to a region in which an 
20 alteration associated with cystic fibrosis 

occurs and Is labeled with a first 
fluorophore at the end which, upon 
hybridisation to the region of human 
chromosomal DNA, is closer to the region 
25 In which the alteration occurs; and 

b) a second oligonucleotide probe Is 

comprised of a nucleotide sequence which 
hybridizes to the region of normal human 
chromosomal DNA which corresponds to the 
30 region in which the alteration associated 

with cystic fibrosis occurs and is labeled 
with a second fluorophore at the end 
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which, upon hybridisation to the region of 
huaan ehroaoioatl DNA, is closer to the 
first probe; and separated by a distance 
which allows, the efficient transfer of 
•nargy between the first and second 
f luorophore . 
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9. A aethod of Claia 8 wherein hybridisation of 
coapleaentary nucleotide sequences is detected 
by deteraining fluorescence resonance energy 

10 transfer. 

10. A aethod of Claia 8 wherein, upon 
hybridisation, the two oligonucleotide probes 
are separated by a distance of two to four 
nucleotide bases. 

15 U. A aethod of detecting in a saaple a 

trinucleotide deletion of chroaosoae seven 
associated with or causative of cystic 
fibrosis, coaprising coabining the saaple, 
treated so as to render nucleic acids present 
in the saaple available for hybridisation with 
coaplaaentary oligonucleotide probes, under 
appropriate conditions, with a pair of 
fluerophore-labeled oligonucleotide probes, 
wherein: 

a) a first oligonucleotide probe is coaprised 
of a nucleotide sequence which hybridises 
to a region of huaan chroaoaoaal DNA 
adjacent to a region in which said 
trinucleotide deletion associated with 
cystic fibrosis occurs and is labeled with 
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* fine fluorophor« at the end which, upon 
hybridization to the region of fauatn 
chroaoioail DNA, is elos«r Co the region 
in vhlch ths alteration occurs; And 
05 b) a itcond oligonucleotide probs is 

coipriftd of a nucltetidt ftqutnet vhlch 
hybridizes to the region of norsil human 
chromosomal DNA which corresponds to the 
region in vhlch the trinucleotide deletion 
10 of chromosome seven associated vith cystic 

fibrosis occurs end is labeled vith a 
second fluorophore At the end vhlch, upon 
hybridization to the region of human 
chromosomal DNA, is closer to the first 
15 probe; and separated by a distance vhlch 

Allovs the efficient transfer of energy 
betveen the first and second fluorophore. 

12. A method of Claim 11 vherein hybridization of 
complementary nucleotide sequences is detected 

20 by determining fluorescence resonance energy 

transfer. 

13. A method of Claim 11 vherein, upon 
hybridization c the tvo oligonucleotide probes 
are separated by a distance of approximately 

25 tvo to four nucleotide bases, with longer and 

shorter distances being acceptable as long as 
energy transfer occurs. 

14. A method of diagnosing cystic fibrosis in an 
individual, comprising the steps of: 
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05 b) 
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rtndtring nucleic acids pr«i«nt in a 
staple obtained froi the individual 
available for hybridisation with 
complementary oligonucleotide probaa; 
combining the product of atap («) with a 
pair o£ oligonucleotide probtf, wherein: 
* first oligonucleotide probe is 
comprised of e nucleotide sequence 
which hybridizes to a region in which 
an alteration associated with cystic 
fibrosis occurs end is labeled with a 
fluorophore at the end which, upon 
hybridization to the region of bustn 
chroaosoaal DMA f is closer to the 
region in which the alteration 
occurs; and 
ii) a second oligonucleotide probe is 
comprised of a nucleotide sequence 
which hybridises to the region of 
normal huaan chroaosoaal DNA which 
eorraaponda to the region in which 
the alteration aasociated with cystic 
fibrosis occurs and la labeled with a 
fluorophore at the and which, upon 
hybridization to the region of huaan 
chroaosoaal DBA, la cloaar to the 
flrat probe; 
detecting hybridization of complementary 
nucleotide sequences by determining 
30 fluoreacanc. resonance energy tranafer; 

and 
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comparing ths fluortictnct rnontnce 
•nsrgy trtntftr dstsrsinsd in tttp (e) 
vlth ths fluortfctnct rifontcct onsrgy 
trtntftr which occurs vhon hybridization 
ttktt pltcs undtr the itn conditions. 
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